Summary. In Exp. 1, 4 groups of 50 recently weaned ewes were exposed to various degrees of contact with rams for 65 days, followed by exposure to novel rams for 4 days. Ovarian In Exp. 2, 4 groups of about 30 anovulatory ewes were exposed to various degrees of contact with rams for 5 days. Ovarian activity was assessed before and after treatment by laparoscopy. After 5 days, more ewes were ovulating in response to full ram contact than in any other treatment (P < 0\m=.\05) and more ewes in fenceline contact with rams or with rams plus ewes were ovulating than in the isolated control treatment (P < 0\m=.\01).
Summary. In Exp. 1, 4 groups of 50 recently weaned ewes were exposed to various degrees of contact with rams for 65 days, followed by exposure to novel rams for 4 days. Ovarian activity in the ewes was determined by laparoscopy on Days 29, 65 and 69 of treatment. There were no treatment differences in the percentage of ewes ovulating on Day 4 whereas by Day 29 more ewes in clear fenceline and full ram contact were ovulating compared to controls (P < 0\m=.\05, P < 0\m=.\001). After 65 days ovarian activity was significant only in those ewes in full contact with rams (P < 0\m=.\001). Between 89 and 95% of ewes remaining anovulatory after 65 days ovulated after 4 days of full contact with novel rams.
In Exp. 2, 4 groups of about 30 anovulatory ewes were exposed to various degrees of contact with rams for 5 days. Ovarian activity was assessed before and after treatment by laparoscopy. After 5 days, more ewes were ovulating in response to full ram contact than in any other treatment (P < 0\m=.\05) and more ewes in fenceline contact with rams or with rams plus ewes were ovulating than in the isolated control treatment (P < 0\m=.\01).
In Exp. 3, 6 groups of about 40 anovulatory ewes were exposed to face masks with and without rams' wool and/or various degrees of contact with rams for 5 days. More ewes were ovulating after 5 days in the group in full physical contact with rams than in any other group (P < 0\m=.\01). Ram contact through a clear fence either with or without masks stimulated more ewes to ovulate than masks alone or isolation from rams (P < 0\m=.\01). The additional exposure to rams' wool did not increase the percentage of ewes ovulating in response to fenceline ram contact or masks alone but exposure to masks themselves with or without rams' wool did stimulate ovulation compared to isolated controls (P < 0\m=.\05, P < 0\m=.\01 respectively).
These results indicate that fenceline ram contact was effective in inducing ovulation in a high proportion of seasonally anovulatory ewes but less effective in lactationally anovulatory ewes. Furthermore, maximum stimulation of ovulation required full physical contact with rams in all cases. Visual and tactile/behavioural stimuli from the ram therefore appear most important in mediating the ram effect whereas olfactory Introduction Exposure to rams has been widely reported to advance the onset of the breeding season in many breeds of ewe and this phenomenon, known as the "ram effect", has been the subject of several recent reviews (e.g. Knight, 1983; Pearce & Oldham, 1984; Martin et al, 1986) . Although the underlying endocrine mechanism of the ram effect is now well understood (Martin et al, 1986) , the proportion of anovulatory ewes responding to ram contact remains variable between flocks, between breeds and from year to year within the same flock (Knight, 1983; Martin, 1984 (Underwood et al, 1944; Schinckel, 1954) , yet the exact nature of this isolation is still unknown and it is not clear whether the ewes become habituated to particular rams and whether the subsequent introduction of novel rams remains stimulatory.
Extensive studies of the mechanism of the ram effect have led to the suggestion that it is primarily a response to pheromones present in the wool of rams (Watson & Radford, 1960; Morgan et al, 1972; Knight & Lynch, 1980a, b; Knight et al, 1983 (19/31 (61%) and 15/33 (45%) respectively) compared to isolated control animals (Group 1) (4/31 (13%)) but this was less than the proportion ovu¬ lating in response to full contact with rams (P < 0-001). There was no significant difference in the proportion of ewes ovulating in Groups 2 and 3.
Experiment 3
The proportions of ewes ovulating after 5 days of treatment are shown in Fig. 1 Physical contact between the sexes has been shown to be necessary for the maximum efficacy of many reproductive phenomena in mammals which were previously thought to be mediated by pheromones alone. Physical contact is a prerequisite for the influence of the male on oestrous cyclicity and ovulation in bank voles (Clarke & Hellwing, 1977) , wild guinea-pigs (Weir, 1971) and rats (Johns et al, 1978) , implantation failure in voles (Milligan, 1980) and mice (Rajendren & Dominic, 1984) , lordosis block in hamsters (Brown & Lisk, 1978) and the effects of females on oestrous cyclicity in mice (Gandrade & Dominic, 1981 , 1984 . In addition, tactile cues presented by physical contact with males act synergistically with pheromones in male-induced precocious puberty in female pigs (Pearce & Hughes, 1987a) and mice (Drickamer, 1974; Bronson & Maruniak, 1975) . Similarly, it has been reported that the proportion of seasonally anovulatory female goats ovulating in response to male exposure was significantly increased when physical contact was allowed (Shelton, 1980) . In view of this volume of evidence it is perhaps not surprising that physical contact with rams was observed to maximize the efficacy of ram-induced ovulation in the present study, indicating that the ram effect is not simply a response to male pheromones as had been suggested previously (Knight, 1983) .
The importance of physical contact with rams may lie in the provision of tactile cues from the male. The involvement of tactile cues from the ram has been suggested by the work of Edgar & Bilkey (1963) in which the efficacy of the ram effect was reduced when rams of lower libido were used such that the number of physical encounters between the sexes was reduced. also observed that the induction of ovulation was more effective with males of high sexual activity compared to inactive males. Acute Stressors such as transportation have been reported to stimulate ovulation in ewes (Lang, 1964; Braden & Moule, 1964) and it is possible that physical contact with rams contains a stress component which is involved in stimulating ovulation as has been suggested to occur in the boar-effect (Pearce & Hughes, 1987b; Pearce et al, 1988) . In the present Exp. 3 the stress involved in wearing the masks stimulated ovulation in a significant pro¬ portion of ewes. The stimulatory effect of masks per se disagrees with the findings of Knight et al (1983) who observed no effect of the masks themselves on ovulation in Romney ewes. However, full ram contact in their study induced ovulation in only 47% of ewes compared to 95% in Exp. 3. Alternatively, contact may be required for the transfer of the pheromones involved in the ram effect (Knight & Lynch, 1980a, b) . Certain mammalian pheromones previously thought to be volatile and air-borne are now known to be perceived by recipients through close contact with the source (e.g. Rajendren & Dominic, 1984) . The use of rams' wool in face masks in Exp. 3 was designed to test whether the importance of contact was in fact due to the direct transfer of phero¬ mones from the ram's fleece to the ewe. However, no more ewes ovulated in response to masks containing wool than to masks alone, nor did the addition of wool to the masks increase the proportion of ewes ovulating in response to fenceline ram contact. The reason for this ineffective¬ ness of rams' wool is unclear in view of the previous reports that exposure to rams' wool induced ovulation in 37-70% of ewes (Knight & Lynch, 1980b) and increased LH secretion in 68% of treated ewes . These authors used wool from Dorset and Romanov rams respectively. Our present results suggest that wool from mature Merino rams does not contain the putative pheromone found in the wool of rams of other breeds. The rams' wool used in the present study was collected from mature adult Merino rams either running with castrated males in pad¬ docks or housed in metabolism crates in animal houses containing only castrated males. It is possible that these rams were not releasing pheromones into their wool because they were not in contact with females. Knight (1985) suggested that the presence of oestrous ewes stimulated rams to produce and/or release more pheromones, thereby improving the efficacy of contact with these rams in stimulating ovulation in other anovulatory ewes. Although the results of Exp. 2 showed a tendency for more ewes to be stimulated to ovulate in response to fenceline contact with ewes and rams compared to rams alone, it is not clear whether this was due to increased pheromone produc¬ tion by the rams or to different visual or behavioural cues being provided by the 'stimulated rams'.
Clear fenceline contact with rams (or rams plus ewes) did stimulate ovulation in a significant proportion of ewes in each of the experiments reported in this study. The ineffectiveness of opaque fenceline contact in Exp. 1 indicated that visual rather than olfactory cues from the rams were the stimulating components involved in clear fenceline contact. This suggestion is supported by the findings of Cohen-Tannoudji et al (1986) who reported that ewes rendered anosmic by bulbectomy still responded to the introduction of rams with a normal LH response whereas rams' wool alone was ineffective. Similarly, anosmic female goats have been reported to release LH in response to the presence of males (Chemineau et al, 1986) . This evidence, coupled with our own observations, suggests that non-olfactory sensory cues, notably vision, are intimately involved in mediating the ram effect. The role of learning and/or conditioning in eliciting the endocrine and ovulatory responses of ewes to cues from rams is largely unknown. However, Murtagh et al (1984) reported an increased ovulatory response to rams in 15-month-old ewes which had had previous male con¬ tact compared to previously isolated females and this suggests that learning is involved in the ram effect.
The observation that 90% of those ewes remaining anovulatory after 65 days of full ram contact in Exp. 1 subsequently ovulated within 4 days of contact with novel rams questions the proposal that ewes need to be preconditioned by a period of pre-isolation before they will respond to the ram effect (Underwood et al, 1944; Riches & Watson, 1954 (Purvis et al, 1971 The results of the present study therefore demonstrate that the ram effect is mediated by a combination of stimuli from the ram, the most important of which may be visual and tactile cues. Olfactory cues, in the Merino breed at least, may not be as important in mediating this phenomenon as was previously thought from work using other breeds of sheep.
